Objective: Transaxillary approach for the surgical management of thoracic outlet syndrome (TOS) has the advantage of minimal manipulation of brachial plexus and lesser perioperative and postoperative complications. We studied the clinical presentation and transaxillary surgical excision of the first rib in TOS at our center. Materials and Methods: All patients with TOS were reviewed for their clinical presentation and outcomes of transaxillary approach for thoracic outlet decompression over a period of 10 years. We evaluated the clinical presentation, surgical details, and postoperative course of all patients who underwent surgery. Results: Sixty-three patients of TOS were studied who underwent decompression through transaxillary approach over a period of 10 years. Nearly 79.4% of the patients had neurological symptoms, whereas 20.6% had arterial symptoms. Almost all patients (98.4%) had a cervical rib. One-fourth of the study population had bilateral cervical ribs. Around 17.46% of the patients presented with acute thromboembolism of the brachial artery and were managed with emergency thromboembolectomy. Postoperative complications encountered were pleural breach (11.11%), wound infection (7.94%), and re-thrombosis (1.59%). Conclusions: Transaxillary resection of the cervical/first rib has excellent results, with less morbidity. It is efficient in relieving symptoms and gives cosmetically acceptable scar. It is proposed that whenever any patient presents with acute upper-limb ischemia, he/she must be evaluated for cervical rib as a cause of TOS.
INTRODUCTION
Thoracic outlet syndrome (TOS) or costoclavicular syndrome is present in about 0.05%-3% of population, and is more common in females. [1] [2] [3] Cervical rib is mostly associated with TOS. It is divided on the basis of presentation as neurogenic (NTOS), arterial (ATOS), and venous TOS [ Figure 1a ]. Diagnosis is based on the characteristic history and positive provocative tests, supported by nerve conduction velocities, plain X-rays of cervical region, color Doppler, and angiography. Early decompression is considered to prevent muscular weakness, chronic ischemia, and limb loss. [4] Excision of the first rib with or without cervical rib can be approached by several methods, namely supraclavicular, infraclavicular, transaxillary, and video-assisted approaches. [5, 6] Posterolateral thoracotomy is generally used for reoperation. We used transaxillary approach at our center for the resection of the first rib and the cervical rib.
MATERIALS AND METHODS
The study involved 63 patients with TOS who underwent resection of the first rib and cervical rib at the Department
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of Cardiovascular and Thoracic Surgery, King George's Medical University, over a period of 10 years. The study was approved by the Ethical Committee of the university. After proper clinical evaluation, all patients underwent provocative tests, nerve conduction velocities (when clinically indicated), X-ray chest and cervical spine, and Doppler study for vascular abnormalities. Somatic Pain Scale was used for assessing the symptom severity. Once the diagnosis was established with reasonable certainty, patients with neurogenic symptoms who had ulnar nerve conduction velocities of >60 m/s were managed using physical therapy and muscle exercises of the trapezoid region. If the conduction velocity was less than that level, most patients despite physiotherapy remained symptomatic, and definitive surgery was performed. For patients who presented with arterial thromboembolism, thromboembolectomy was done.
Surgical technique
Surgical decompression of TOS was performed through a transaxillary extraperiosteal approach, and the first rib and associated anomalies (fibrous band and cervical rib) were resected in lateral position, arm was retracted and then holded with an arm holder. A 4-cm-sized transaxillary incision was given just below the hair line and in between the pectoralis major and latissimus dorsi muscle [ Figure 1b ].
Patients' perioperative data were recorded such as X-ray findings, vascular complications, duration of surgery, total blood loss, preoperative complications (such as hemothorax, pneumothorax, and need for further reoperation), and length of hospital stay. All patients who underwent TOS surgery were followed up at 2 weeks, 3 months, 6 months, and 1 year for clinical assessment. Patients who had arterial thromboembolectomy were followed up with duplex ultrasound scan.
Statistical analysis
In this observational study, sample size (n) was calculated with the following formula: n = z 2 × p̂ (1 − p̂)/ε 2 , where confidence level = 95%, margin of error = 5%, population proportion = 3%, z is the z score (1.96 for confidence level 95%), ε is the margin of error, and p̂ is the population proportion, z = 1.96, p̂ =0.03, and ε = 0.05. The data were entered in MS Excel spreadsheet, and analysis was done using Statistical Package for the Social Sciences software version 16.0 (UNICOM Global, California, US).
RESULTS
A total of 63 patients were operated for TOS over a period of 10 years. Most of the patients were young with approximately 2/3 rd of the study population under the age of 30 years, with a mean age of 37 years. There was a female preponderance (63.5%) in our study population. Almost all the patients presented with a cervical rib (98.4%), and ¼ th of them had a bilateral cervical rib. The majority (96%) of the patients were right handed, and in 59% of the patients, the presenting symptoms were right sided. There were 50 (79.37%) patients with NTOS and 13 (20.63%) with ATOS [ Table 1 ]. 
DISCUSSION
We studied 63 patients with TOS over a period of 10 years. Sixty-two (98.4%) cases had a cervical rib, which is similar to the 139 patients in a study by Lattoo et al., in which the prevalence of cervical rib was 100%. In another Indian study carried out by Samarasam et al., the prevalence of cervical rib was 95% in patients with TOS. [7, 8] In contrast, in a meta-analysis carried out by Henry et al., the overall prevalence of cervical rib in patients with TOS was only 29.5%, which was 39.9% in Asian subgroup population. [9] The symptoms of TOS may be neurological, arterial, venous, or a combination of these, with or without autonomic disturbances. [10] Neurological symptoms may result from compression of the lower divisions and trunks of the brachial plexus and result in brachial neuralgia, usually in the ulnar or median nerve distribution, or pain in the suprascapular region. [11, 12] Physical signs may be absent, but can include wasting and weakness, principally of the intrinsic muscle of the hand. when entrapment of upper portion of nerve plexus occurs, deltoid, scapular and occipital pain predominates. The autonomic symptoms of TOS include excessive sweating, pallor, or a blotchy appearance of the hands. [13] [14] [15] ATOS may present as aching, fatigue, or upper-limb claudication, or with signs following prolonged arterial constriction including poststenotic aneurysm and distal emboli. [5, [16] [17] [18] Venous constriction may present as acute venous thrombosis. Perhaps, the most common, but nonspecific, complaint is heaviness of the affected limb. [19] There is no single definitive investigation that will confirm a diagnosis of TOS. However, arteriography and venography or duplex ultrasonography may show a vascular abnormality or its sequelae. Nerve conduction studies may suggest brachial plexopathy, or may confirm a more peripheral nerve entrapment. Plain radiography has little to offer, whereas computed tomography and magnetic resonance scans may demonstrate bony or soft-tissue elements which may be implicated in the syndrome. [20] [21] [22] In the absence of any definitive investigation, the diagnosis of TOS is based on clinical findings in the majority of cases the stress tests (Adson, Halstead, and Wright tests) were most vauable investigation and tests became negative in those who had symptom resolution after surgery. Both medical and surgical management of the TOS have been described; strengthening of the shoulder girdle muscle, stretching of the pectoral minor muscle, and postural adjustments are parts of physiotherapy. Physiotherapy never corrects the pathophysiology of TOS, especially in the structural abnormality or bony anomaly, but it can delay surgical requirement. [5] If symptoms do not improve on physiotherapy, an early surgical treatment should be considered. Different surgical approaches have been described for the decompression of TOS. Supraclavicular, infraclavicular, transaxillary, and video-assisted approaches are Neurological symptoms such as hypoesthesia along the course of the ulnar nerve or in the whole hand, fatigue and weakness of the small muscles of the hand, and pain in the neck and medial aspect of the upper limb were most predominant (79.4%). Rest of the patients presented with arterial symptoms such as claudication of the upper limb and coldness. Eleven out of the 13 patients who presented with ATOS required emergency thromboembolectomy [ Table 1 ].
Plain chest X-ray view showed a cervical rib in all patients except in one patient who had a bifid first rib. Bilateral cervical rib was present in 16 (25.4%) patients [ Figure 2 ]. Nerve conduction velocity (NCV) testing was done in 54 patients, and stress test was done in all patients. NCV was reduced in 48 (76.2%) patients, and in 50 (79.4%) patients, stress test was positive. Arterial color Doppler was abnormal in all patients, and 11 patients who required emergency thromboembolectomy had loss of waveforms [ Table 1 ].
Operative findings correlated with radiological findings. Anomalous fibrous band was present in 13 (20.63%) patients. Cervical rib along with the first rib was resected in all the patients, and thromboembolectomy was done along with rib resection in 11 patients (17.46%) [ Table 1 ].
The mean hospital stay was 3.09 days, and most of the patients were discharged within 3 days. There was no major blood loss in any patient requiring blood transfusion. All patients had symptomatic improvement, especially in pain and numbness. Postoperative complications occurred in 13 (20.6%) patients. Of these 13 patients, pleural breach occurred in 7 patients, which was managed per-perative by intercostal drainage tube placement. Minor wound infection was seen in five patients, which was managed conservatively using antibiotics and daily dressing. One patient had re-thrombosis which required repeat thromboembolectomy [ Table 1 ]. common in practice. Transaxillary approach of decompression of TOS is associated with the highest success rate, and similar results were seen in our study with 100% symptomatic relief. [22, 23] Per-operative, anomalous fibrous bands were discovered in 13 (20.6%) patients in addition to the cervical rib which was also excised. We did excision of the first rib and cervical rib in all the 63 patients for decompression of TOS through transaxillary subperiosteal approach. Eleven of the 13 patients who presented as an ATOS required thromboembolectomy along with first-rib excision. Bilateral disease was present in 16 (25.4%) patients, but only one side was operated at a time. Resolution of symptoms was seen in most of the patients in the early postoperative period. It is important that the minimum follow-up time exceeds 6 months for these patients, as in the majority of the cases, recurrence of symptoms occurs within 4 months of surgery.
All the patients in our series complained of significant physical impairment, and some were unable to continue their work. Majority of them were young within 18 and 56 years of age. Thoracic outlet decompression allowed a return to normal or near-normal levels of activity in the vast majority of those treated.
The morbidity in our series was low. Seven patients needed tube thoracostomy and five developed superficial wound infections. Only one patient developed re-thrombosis which was due to improper anticoagulation postoperatively. Patients achieved their preoperative level of mobility within a week of surgery, with most claiming improvement in activity following resolution of their symptoms. The morbidity encountered in our series was not sufficient to deter us from continuing to offer transaxillary rib resection.
Proper history and clinical examination are essential to diagnose and assess the functional disability. Radiographs, duplex scan, and angiogram are important in planning the treatment. In our opinion, whenever there is cervical rib as a cause of TOS, it is worthwhile to excise the first rib with cervical rib via transaxillary route. A heightened clinical awareness of TOS, coupled with a willingness to offer a low morbidity procedure to patients, may result in significant symptomatic improvement in a group of unfortunate patients who are physically impaired.
CONCLUSIONS
Transaxillary resection of the cervical/first rib for TOS shows excellent results, with less morbidity. It is efficient in relieving symptoms and gives cosmetically acceptable scar. It is proposed that whenever any patient presents with acute upper-limb ischemia, he/she must be evaluated for cervical rib as a cause of TOS.
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